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FOREWCRD

The investigation reported herein was conducted sy the Biociogy
Department cf The Catholic University of America researchproject
‘"Research on the Action of Ultrasound on Cell Membranes' support-
ed by the USAF under Contract No. AF 33(616)-438, RDO No.R 695-
63, with Major Horace O. Parrack, Project enginesr.

This irvestigation was a prerequisite basic for research oniiving
cell membranes. This effect was tesicd using a radioactive isotope
to measure the effect by altering the permeability of the living cell
meambrane. The results of radiocaciiviiy aad ultrascund appear to be
the same in their effect on cell permeability but the mechanism may
not be the same.

A systematic evaluation of the applications of ultrasound to med-
icine has only begun. It is certain that this radiation produces heat
in the budy tissues; however, whether purely mechanical or othar
non-thermal eifecis piay a significant role has yet to be determined.

Acknowledgement is made to Prof. Pulvari, H. F. Mengoli. M.
Gilson and C. Rice for their contributions in the successful pur-
suii of this project and also to the Atlos Powder Company, Wilming-
ton, Deiaware,for contributing the various surface active agente used
in the sxperiments.
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ABSTRACT

This report introduces some preliminary tests necessary to
purcue research on the effects of ultrasound on living cell membranes.
By means of an isotope it was possible to measure the permeability of
a living cell membrane to a weak ultrasonic field. Techniques and in-
strumentation had to be developed. As a result of the experiments
described,it has been shown that a weak ultrasonic field does increase
the permecability of the living cell membrane of the amoebae in much the
same way as do surface active agents, lipase and thioglycollic acid.

PUBLICATION REVIEW

This report has been reviewed and is approved.

FOR THE COMMANDER:

Qeoszoran_s,
JACK BOLLERUD
Colonel, USAT (MC)
Chief, Aero Medical Laboratory
Directcrate of Reseaxch
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SECTION I

INTRODUCTION

The accumulation of information regarding living cell membranes to the
present time, seems to indicate that they are made up of long molecular
chaing arranged regularly in a network composed of micelles and inter-
micellar spaces. It is aupposed that all cell membranes consist of these
micelics. In animal cells, however, the micellar structure is probably com-
posed ot a lipoid-protein complex. The lip.id iayer is thought to be several
fatty molazules thick with an adsorbed paotein layer at each water-lipoid
interface. This fartty membrane of extreme delicacy compiletely surrounds
the cell. In a system such as is found in a cell, the diffusion of metabolites
inwards and outwards across its boundary will ke a very essential part of
its metabealic process. Therefcre, the composition and structure of the
membraane is of paramount importance. Diffusion is maierially hinderedby
the presence of this membrane. From what is known of its structure,it is
possible to conceive that tke lipoid molecules are capable of arranging them-
selves in a most restrictive manner (1). The long protein chaine are thought
to be held together partly by chemical bonds and partly by van der Waals
forces (2) (3).

It ias conceivable that anything which will diszolve the fatty components
of the meribrane should remove their restrictive character and bring about
an increase in permeatility. In the same manner, anything that will weaken
tke van der Waals forces holding together the long protein chains will bring
about an increase in permeability., By varying the amount of dissslved li-
poid as measured by permeability, it should be possibie to determine the
amount of lipoid present in the membrane. Similarly, by applying varying
degrees of force it should be possible to investigaic and eventually to deter-
mine the strength of these forces holding together the protein chains and
perhaps ultimately, the length and nature of these chains by analogy.

It was first proposed to test the lipoid nature of living cell membranes
by means of surface active agents whose hydrophilic and lipophilic char-
acteristics had already beer determined. Following this, it was proposed
to investigate by means of varying forces produced Ly ulirasoundthe strength
of the forces holding together the proteins, i.q,to cause a change in permea-
bility similar in nature to the permeability change caused by dissolving away
a certain amount of lipoid. It is believed that both processes cause an in-
crease in permeability and some correlation was locked for between the two
changec in order to obtain some information zbout the nature 2xd function of
such a living cell membrane.

A zmicasurement of these phenomen= Lizs been accomplished bty means of
rates of permeability tracsd tnrough a radioaclive igotope known to be rel-
atively imperineable to the living cell membrane. The isotope chosen for
thegs tests was Na22 and the animal cell was Pelomyx2 carolinensis.

WADC TR 54-228 1



SECTION I

MATERIALS AND METHODS

Sinc» Na22 was available only in the form of the salt ina
weak solution of HC1, it was necessary to determine the viability
of Peloinyxa carolinensis in various dilutions of NaCl, HCI1 and the
combination of NaCl and HCI.

It can be seen from the graph
(Figure 1) that HC1 was more
1o toxic than NaCl, bSut that when
! the two chemicals were com-
o0 \g\ bined, they were no more toxic
|74 than HC1 alone. In all tests
- ks using either or both chemical
[ n_f ) agents, amoebae survived in
)} dilutions of 10-3 for at least
ies i twelve hours. Dstermination
: ,-','—’35'£~-\'“_ﬂ'1“ / of the pH of each solution (Ta-
e = s F- ble 1) revealed that amoechae
e / survived in a lower pH in HCIl
. o u s L L & alone and in the combination
»H of HC1 and NaCl than in NaCl
alone.

D1l UYION

PVl
Y P
- o “Patiend
Pl

Figure 1. Taxicity of various dilutions
of NaCl, HC1, and NaCl:HC] on Amoebae.

TABLE 1

pH of Various Dilutions ofChemicals Usad

Dilutions NaCl HCl1 NaCl:HC1
10-1 5.39 0.61 0.4l
10-2 5.70 1. 60 1.61
10-3 5.71 2.50 2.6V
10~2 5.90 3.01 3.50
10-5 6.10 4.59 4.70
10-6 6.20 5.51 6.10
10-7 6.05 5.58 6.30
10-8 6.10 6.10 6.01
10-9 6.00 6.20 6.50
10-10 6.10 5.384 6.21

N
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The isctope gelected was a new product of Na22 , therefore it was
necessary tc determine its general characteristic in respect to this in-
vestigation. This isotope was fouand to be more active d-y than when
wet (Table II, Figures 2 and 3) and glass as well as water reducad, as
expected, the effect registered on the Geiger Counter (Table III and
Figure 4). Therefore, it was decided to dry each sample and subse-
quent counts were made under those conditions. After trsating amoebae
with the izotope it was necessary to find out how :nany washes were
needed to remove this agent adhering to the surface of the amoebae.
Three washes in distilled water removed the isotcpe as proved by the
results recorded in Table IV. However it was decided to wash at least
six times and to use the sixth wash of each sample as background count.
We regarded the background count as the numbezr of beta decays regis—
tered on the ccunter when no isotope was present.

TABLsS IT

The Difference in cts /min/ml of a Wet and Dry Sample
(Tube distance 3 in. for a 1 ml. sampie, 10-> dilution }

{a) Wet Sample : 3767 c¢ts /min/ml
{b) Dry Sample : 10,057 cts/min/ml

-
P

c;"x/mm}m.
i
/ '

.“-"‘!
sases|. H
\ ‘E.O-‘:':‘
o
'\ g
) u:" ..l" .:‘5 I* i T p——— —
g oiLuTIO: ! w? wt W' BIL\;‘{’;ON el -is ws
Figure 2. Radioactivity of samples Figure 3. Radioactivity of samples
of N22Z {\vet) at various dilutions. of N122 (dried) at various dilutions.
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Radivactivit

(a) Without coversiip : 346 cts/min

TABLE IIY

of Amoebae Samples in Dry State after Immersion
(45 min, Na22 10-1 dilution, with and without cover slip and after
water wa.s added to dried sample).

{(b) With one no. 1 cover slip:117 ¢cts/min
(c) With two no. 1 cover slips: 45 cts /min

{e) With fcux no. 1 cover slips:10 cts /min

(f) Without cover slip but with water added approximately equal to water

evaporated. Ref, (a): 77 cte/mizn
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NO. OF COVER GLAJISES

Fiocvre 4.
Fiagure 4.

Radiocactivity of Amoe-

bae sample (Dricd) after placing
cover slips between sample and

counter.

TABLE IV

Number of Washes Necessary (o
Kemove All Na22 Adhering to Out-

er Surface of Amoebae (Immersion
Time 2 hr. 10-3 4il.).

{a) 10 amoebae
(b) 1st wash
(c) 2nd wash
(d) 3rd wash
(e) 4th wash
(f) 5th wash
(g! 6th wash
(k) 7th wash

WADC TR

120 cts/min/sampie

1948 cts/min/sample

56 cts/min/sample
counts negligible
counte negligible
counta nezligible
counts negligible
counts negligible
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Untake of Na22 by

Asnivebae immersed in isotope
solution for various periods

and <ried.

TABLE V

Uptake of Na22 by Amoebae at
Varicus Time intervals after
Immersion (Na22, gil, io-3),

(a) 30 miu
(b) 6C min
(c) 2 min
(d)120 min
{€)150 inin
(£)180 min
(g)210 min
{(h)240 min

2i cts/rain/sampie
38 ct=/min/sample
3% cts/min/sample
41 cta/min/samplz
55 cts/min/{sample
53 cts/min/saruple
5S cts/min/saxnple
ctz/min/sample

e
e 4
[

LIRS



(i) 8th wash counts negligible (1)270 min 52 cts/min/sample
{j} Original 10-3 dilution (j) 300 min 32 cis/min/sample
38,246 cts/min/sample (k) 330 min 36 cis/min/sampls

(1) 360 min 50 cts/min/sample

¢n) 13 hrs 40 cts/inin/sample

(n} 30 hrs 35 cis/min/sample

After these determinations had been made the amount of isotope
taken up by amoetae without any treatment was tested. Ten amoebae
at a time were placed in 2 10-3 dilution of the isotope for 30 minute
intervals up to six hours; after washing six times in distilled water,
samples were dried and counted. It was found that amoebae took up
Na2< thronghout this time interval but the uptake remained fairly con-
stant (Table V anc Figure 5). In all the tests, the uptake of the isotope
by untrzassd amoehase wase very slight caompared with those samples of
treated amoebae.

LR
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SECTION III

PROCEDURE AND RESULTS

If membrane permeability is increased as a result of the weakening
of the intermolecular bond strength, then, anything which affects this will
be important during the measurement of permeability. Horton (1) treated
bacteria with ultrasound to testthe ultrasonic death rate. He found that
as the surface tension decreases. the ultrasonic death ratc decreases.
Both ionic and non-ionic surface active agents {contributed by the Atlas
Powder Company. Wilmington, Delaware) were cmmployed in this inves-
tigation to determine their effect on the membrane's permeability. The
non-ionic agents increased the permeability cf the amoebae to Na22after
one hour (Table VI). The rate of uptake of Na22 was greater inthe Tween
series which reduced suriacy tension moza than did the Span compounds.

TABLE VI,
Uptake of Na22 by Amoebae after Treatment With Surface Active Agents.
Tween 20 (10-3)

Tween 40 {(10-2) Tween 60 (10-3)

Time cts/min/id amoebae cts/min/10 amoebae cts /min/ 10 amoebae
5 min 21 20 33
10 min 246 44 71
15 min 82 X 130
30 min 70 80 214
45 min 97 9¢ 300
60 min 129 100 305

Tween 80 (10-2) Span 29 {107} Span 80 {10-4)
Time cts/min/10 amoebae cts/min/10 amoebae cts/min/10 Amoebae

5 min 33 30 z1
10 min 63 28 35
LSisnin £8 74 24
30 min 138 38 61
45 min 179 738 113
60 min 257 95 128
WADC TR 54-223 6



An interssting correlation resulted in ine study of individual
permeability tests. It was noted that the non-ionic surface active
agents altered permeability in a manner which suggested that altezation

depended more on the relationship of the agents to the lipoid in the membrane

120

cTS/MIN/10 ARUCHAE

"
[ lno l!.. i30 140 130

Tweew zo
d""

TIME 183 MINUTES
Figure 6. Radicactivity of
Amoebae untreated and treated
with Tween 20 and Span 20,

than in the HLB grouping. As
may be seen in Figures 6 and

7. those compounds which
contained eleic acid (Tween

80 and Span 80) increased
permeability more than those
containiag lauric acid (Tween
20 and Span 20}. Zween 60
(Figure 8) brought about the
greatest uptake or Na22, This
surface active agent contains
stearic acid. Since thes fatty
component of tae membrane
sesms to dissolve more in this
agent containing stearic acid than
in any of the other acid groups,
this may account for the greater
permeability of the membrane

whose structure may include a subatance scluble in this acid., Tkhis

appears to conform to thc thecry of Overton (4) in which he suggested
that the permeability of the cell membrane might depend upon the
solubility of ine substance of which the menibrane is compe=ed.

o i

180
Twees -:,_
’
140
/
L
r
4
S,
- /
i y
”~
2fme >
-
‘; o om0
» 4 -
B L {/ ’,..-"" ==
o e
Vi P
- +
,/ s
Jf" «’/
/ e
|4 ‘/’{_—/f
v
. » Pl Ja Pl » e

T M MINTES

Figure 7. Radioactivity of Amoebae
untreated and treated with Tween
80 and Span 80
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In another test using lipase, which is known to be specific for
lipoids, the amoebae took up more Na22 than after similar treatment
with purface active agents (Figure 9). This appeared to indicate that
the theory of the lipoid entering into the structure of the membrane
was correct. Since the membrane is aleo supposed tc be partly protein
in nature, thioglycollic acid was used to treat the liviag amoebae. This
agent is specific for disrupting the disulfide linkages of the proteins.
Afcer treating amoebae with this agent,the resulis thowed that they tock
up one and one -half times more sodium than those treated icr the same
time with lipase (Figure 9). This permeability effect seems ito indicate
ikst the protein complex of the membrane may have bzcen altered. All
of these tests a: least strengthen the theory of the l!poid-prciein nature

_ 800 b g
THIOSLYCOLLIC AGID
7,

= Yy , LIPASE o
ar
2 et 7
o
ss N
< Vet 7
P .
2 .
< L300 ", -/A_/
= Ao =
3 ‘ i -~
~ ~ L~
[ ] -
- PRI 5 I
o 1-200 R o
- P
R 4
-d' _/'
L
g
.00 UNTREATEOD
/f,j’/ e
W
so T0 =] Ld
G . B . B . . SR O

TIME IN $SHUTES

Figure 9. Radioactivity of Amoebae unireated and treated
with lipase and thioglycollic acid.

of the living cell membrane of the amcebae and show that bv vexicus
chemical agents the membrane may be aiteriZ =c as to incrcase its
permeability to Na22, '

These iritial experiments appeared to indicate the lipoid-
protein nature of the living cell membrane ¢f Pelomyxa carolinensis.
The molecules of this membrane are then apparently bound by
chemical bonds and van der Waals forces. Both of thess, presrumably,
could be perturbed by ultrasound However, the van der Waals force
probably could be most easily perturbed. Experimental work, however,

has indicated that denaturation of proteina {5) can be ecffected by
ultraeound.

WADC TR 54-228 8



Most of the work done by investigators with ulirasonics in
biology has been conducied to bring about letkal cxr fragility reactions
(6, 7, 8, 9, 10). The present tests were devised using an ultrasoric
ield in which amoebae would survive during and after treatment but,
at the same time, would be affecte=d by the treatment. Therefore, in
the following zxperiments, amoebae were subjected to a weak ulirasonic
field at five megacycles.

A x-cut, gold-plated, quartz-crystal was drivea at its lowest res-
onant frequency by a high frequency generator. The H.F. transmitter
was connected to the quari= crystal placed in a separate brass holder;
the outer suriace of the crystal was tmmersed in a bath of distilled water,
and a concave reflecting surfacs placed opposite the face of the crystal
to focus the ultrasonic waves at the water surface. Amoebae were placed
in this focuszsed arez in a cortainer fashioned from a pisce of lucite tubing
one inch in diameter and one centimeter long. One end of the tubing was
grooved to hold a "number cne' cover glass which was cemented (o it to
form the bottom of the container, The contairer, with the z2mecebae rest-
ing on the bottom glass in a 10-3 diluticu of the isotope, was placed in
the weak uitrasonic field for different periods of time: 1, 5, 10, 15, 30,
45,and 60 minutes. This field has been esiimated to be around 1 watt/cm?
For each period, 1" amoebae were treated with the weak field which did not
produce turbulence or disturb the amocbhac o the Lottam of the container.
After treatment, the amoebae were washed in six washes of distilled water.
The sixth wash was dried and checked for activity and used as the backgrcund
count for that sazzgzxple as previouely defined. Amoebae were then measured
for uptake of Na““ The test was repeated four times, and in all tests when
the Geiger counter was used,at least ten counts of each sample were made.
The average of ten counts ior each time interval and the average deviation,
were computed to the nearest tenth. All counis were made with a Tracerla®:
Geiger-Mueller Tube TGC-2 and Traceriab SC-19 Utility Scaler with an

cperating voirage of 1350 volts.

After amoebae had been trcatzd with a weak ultrasonic field. the
cells showed an increased permeability to the isotope as compared with
cells untreated for the same period cf treatment (Table VII).

WADC TR 54-228



TAELE VI

Uptake of Na?22 by Amoebae Immersed in 10-3 Dilution after Treaiment
in a Weak Ulirasonic Field

Time

X min

5 min
10 min
15 min
30 min
45 min
60 min

10-3 dilution of isotcpe

Av, cts/min, 10 amoebae

68

88
139
105
136
172
210

35,181 cts/min/0.1 ml

During the first 10 minutes permeability increased rapidly; then there
_appeared to be a leveling off or 2n adjustment period, after which the

CTS/MIN/IO AMOEEBAE

200

_ N\ _ uLtrasouno
~

- N
A et N
-~
/ \\ o - = ’\\
v
UNTREATED

/
100 /

20 30
N ) ) 1 1 J

TIME I¥ MINUTES

Figure 10. Radioactivity
of Amoebze untreated and
treated with vltrasound.

sensing element) are shown in Figures 1l ai

WADC TR 54-228

uptake of Na22 by the amoebae reached
its peak after 45 minutes (Figure 10).
Although a decrease ia permeability
was noted after the peak was reacned at
45 minutes, the uptake of NaZ2 did not
drop as low as that observed for the un-
treated amoebdae.

Further investigation will be required
to deitexrinine whether perturbation of the
van der Waais forces or denaturation of
prcteins, or hoth of these phenomena,
occurred in iic praseat series of tests.
Detailed quantitative methods are needed
to establish more precisely the nature of
the molecular structure of the mec.mbrane.
A measurerment of the pressurs field with
a newly developed pressure gauge will be
possible in iuture tests using ultrasound.
Photographs of the assambled pressure
gauge (consisting of a cathode follower and

3 19
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